Introduction {#sec1}
============

Rotator cuff (RC) tears are very common disorders of the shoulder joint. Intrinsic and extrinsic factors are accused of the aetiology of the tendon tears.[@bib1], [@bib2], [@bib3] Tendon vascularization, age, smoking, genetic predisposition, and overuse are leading to intrinsic factors.[@bib1], [@bib4], [@bib5], [@bib6], [@bib7] The most important extrinsic factor is acromial morphology that leads narrowing of the subacromial region and causes mechanical compression of RC. Over 40 years past from the blaming of the acromion spur which cause the RC pathology by Neer et al to the present; Bigliani classified the acromion shape into three different patterns, and then several researchers have mentioned the different angles, lengths, and indexes between acromion and scapular structures at the shoulder joint which can affect the RC.[@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13], [@bib14], [@bib15] Many researchers have associated the relationship between extrinsic parameters and RC pathology with the narrowing of the subacromial space. Acromiohumeral distance (AHD) is commonly used to measure the size of the subacromial space.[@bib16] AHD \< 6 mm indicates the full-thickness RC tear with the high specificity.[@bib17] The reduced AHD is explained by humeral head ascension as a result of the torn and retracted RC.[@bib18] AHD has also prognostic interest as well as the diagnostic. Loss of the normal acromiohumeral distance is a sign of poor prognosis following RC tear repair.[@bib18], [@bib19] However, poor reliability was reported for the AHD measurement.[@bib20], [@bib21], [@bib22], [@bib23] Variables such as x-ray standardization, measurement technique, and patient position may influence reliability.[@bib16] When the three-dimensional structure of the subacromial region is considered, two-dimensional plan measurement may be insufficient in determining the narrowing.[@bib16] Therefore, volumetric analysis of the subacromial region has recently been discussed.[@bib24]

In our study, we aimed to investigate the relationship between the subacromial volume and the rotator cuff tear. For this reason, we tested three hypotheses. The first hypothesis was that the subacromial volume would be decreased with the full-thickness rotator cuff tears when compared with the healthy side. The second hypothesis was that the subacromial volume would be increased following rotator cuff tear repair. The third hypothesis was that there would be significant relationship between the subacromial volume change and clinic outcome in RC tear repair.

Materials and methods {#sec2}
=====================

We retrospectively surveyed the shoulder arthroscopy archive and retrieved the patients who had arthroscopically operated because of the unilateral full-thickness rotator cuff tears with a single-row method between January 2013 and December 2015. Preoperative demographic data, magnetic resonance imaging (MRI), shoulder Constant score and tear size smaller than 3 cm (small to medium tear) were inclusion criteria. Grade 3--4 fatty degeneration (Goutallier classification), concomitant subacromial acromioplasty (bony spur removal or trimming), hooked type acromion, double-row repairs, traumatic tears, shoulder instability, acromioclavicular and glenohumeral osteoarthritis, ischemic necrosis, history of previous shoulder fracture or surgery, labral lesions, adhesive capsulitis were excluded. Surgeries were performed by an experienced shoulder surgeon (CNA) in the beach-chair position with the routine arthroscopic portals. For tears, two suture anchors were used at both the medial row and the lateral row in the single-row repair. Shoulder sling with abduction pillow was applied and gentle passive flexion and abduction exercises were started on the day after surgery. The sling was removed, and the active range of motion exercise was started in 6 weeks.

We invited the patient who had completed one year of surgery for outpatient control. The non-operated shoulder was examined. Patient with normal physical examination and without prior shoulder fracture, dislocation or surgical history was informed about the study, and bilateral shoulder MRI was taken, and the final Constant score was recorded. Pre-, postoperative and healthy side (control group) subacromial volumes were calculated. This study was reviewed and approved by the ethics committee (ID number: 0657/2016).

MRI evaluation {#sec2.1}
--------------

MRI was performed using a 1.5 T MR-Scanner (Magnetom Aera, Siemens AG, Erlangen, Germany). The patient\'s examination was done in a supine position with the arm at the side, hand palm facing upward to prevent the shoulder motion. Coronal, sagittal, and axial T1-weighted images were acquired for structural assessment of the acromion and humeral head; T2-weighted images were acquired for qualitative assessment of the rotator cuff tendon. The slice thickness was 4 mm.

Measurement {#sec2.2}
-----------

Subacromial volume was calculated by using Osirix software (Pixmeo, Geneva, Switzerland). To standardize the measurements, T1-weighted sagittal images that bone tissue appears better were used. The area between the undersurface of the acromion and the chondral surface of the humeral head was outlined using the pencil tool on serial sagittal T1-weighted images from the acromial tip to the acromioclavicular joint. Then the program computed the volume automatically regarding cm^3^ ([Fig. 1](#fig1){ref-type="fig"}). Radiologic measurements were done by the first author. The second author also measured all the radiologic parameters to avoid any inter-rater errors. Measurements were repeated by the same authors 2 weeks after the first ones to evaluate intra-rater reliability. Intra-class coefficient correlations (ICCs) were used to assess reliability.Fig. 1Subacromial volume measurement obtained using a computer-assisted method. At each image (a, b, c), subacromial space margins were outlined by pencil tool and then (d) volume was computed automatically by program in terms of cm^3^.Fig. 1

Statistical analyses {#sec2.3}
--------------------

The statistical analysis was carried out using the SPSS for MAC OS X program (version 20; SPSS Inc.). Paired sample t-test was used to compare the preoperative and postoperative shoulder subacromial volume. Independent sample t-test was used to compare the control and the preoperative and the postoperative shoulder subacromial volume. The correlation between the changes in the subacromial volume and the shoulder Constant score were analyzed using Pearson correlation analyses. A p value \< 0.05 was considered statistically significant. Intra-class correlation coefficient (ICC, varied between 0 and 1) with 95% confidence intervals was used to evaluate the intra- and inter-observer reliability for subacromial volume measurement.

Power analyses were performed using the G-power 3.1 statistical analysis program. To estimate the required sample size, the effect size and the alpha, power (1-beta) were used. These were 0.6, 0.05, 0.8, respectively. The sample size required for each group is 19. We used 21 samples in each group to avoid being under power.

Results {#sec3}
=======

A total of 21 patients were eligible for the study. Five of these patients (23.8%) were male, whereas 16 patients (76.2%) were female. The average age was 56.4 (range; 46--71) years. Right shoulder was affected in 15 patients, and the left side was affected in 6 patients. The mean follow-up time was 16.1 (range; 12--25) months. The mean subacromial volume of the control group was 3.93 cm^3^ (range; 2.77--5.03), the preoperative group was 2.95 cm^3^ (range; 1.53--4.23) and the postoperative group was 3.59 cm^3^ (range; 2.12--4.84) ([Fig. 2](#fig2){ref-type="fig"}). The difference between the preoperative group and the control group was statistically significant (p \< 0.05). There was no statistically significant difference between the postoperative and the control group (p = 0.156). The statistically significant difference was found between the preoperative and the postoperative group (p \< 0.05). The mean constant score of the patients increased from 38.3 (range; 19--57) at preoperatively to the 75.6 (range; 53--89) at postoperative 1-year. When we consider the correlation analysis between shoulder volume and shoulder constant score changes, no significant correlation was found between the volume changes and constant score changes (r = 0.170, p = 0.515). The intra-observer reliability was 0.975, and the inter-observer reliability was 0.913 for the subacromial volume measurements.Fig. 2Diagram showing the mean subacromial volume of control, preoperative and postoperative group. P values illustrated to show differences relative to control group.Fig. 2

Discussion {#sec4}
==========

The formation and development process of rotator cuff pathologies are multifactorial.[@bib15] Among them, the role of extrinsic factors is still being debated.[@bib24], [@bib25] Extrinsic factors include acromion spurs, acromioclavicular joint arthritis, thoracic kyphosis, scapular dyskinesis, abnormal shoulder muscle activity, and reduced coracoacromial canal area.[@bib26], [@bib27], [@bib28], [@bib29] The most important structure that authors focus on extrinsic factors is acromion morphology.[@bib30] Hook type acromion is the most associated anatomic variation with tear and narrowing of the subacromial region is accused of the mechanism.[@bib28], [@bib31] The narrowing in the subacromial region can be determined by direct or indirect measurement methods. Indirect methods include acromion anterior slope (AAS), lateral acromial angle (LAA), acromion index (AI), acromio-glenoid angle (AGA) and critical shoulder angle (CSA).[@bib11], [@bib13], [@bib15], [@bib32], [@bib33] These measurement methods reveal the altered acromial morphology and indirectly show the narrowing in the subacromial region. High slope angle, low LAA values, and increased AI were also associated with RC tears.[@bib15], [@bib33], [@bib34], [@bib35] Tetreault et al pointed out that low AGA values show the narrowed supraspinatus outlet.[@bib35] The theory is that these measurement parameters show a reduced subacromial space. Chopp-Hurley et al reported that there is poor to moderate correlation between these morphological characteristics and subacromial width.[@bib36] Balke et al showed in their studies that acromion morphology in degenerative RCTs differs from traumatic RCTs. They reported that the subacromial space narrowed in degenerative but remained intact in traumatic tears.[@bib15] For this reason, we included degenerative RC tears in our study.

The subacromial space size is directly measured by the distance between the humeral head and the acromion. This measurement is termed acromiohumeral distance (AHD). Goutallier et al has reported that acromiohumeral distance below 6 mm is at high risk for degenerative RC tears.[@bib17] Saupe et al demonstrated that reduced AHD is associated with the fatty degeneration (FD) of the RC muscles.[@bib12] FD is the predictor of the poor functional results after RC tear repair.[@bib37] Measurement methodology (different landmark selection) and radiography standardization (patient position, different X-ray beam angle) may influence the reliability of AHD.[@bib16], [@bib20], [@bib38] McCreesh noted that the evaluation of the three-dimensional structure of the subacromial space with two-dimensional radiographs may cause such reliability problems.[@bib16] The relation between the subacromial volume and RC pathologies was first investigated by Yi et al.[@bib24] The mean subacromial volume was found 2.27 cm^3^ in partial tears, 2.37 cm^3^ in full-thickness tears, 2.58 cm^3^ in control group and no significant differences were found between these groups.[@bib24] We found the mean subacromial volume is significantly reduced in preoperative group (mean; 2.95 cm^3^, range; 1.53--4.23) than control group (mean; 3.93 cm^3^, range; 2.77--5.03). However, Yi comprised the control group patients who have shoulder instability without any subacromial pathology in their study. We included the contralateral healthy shoulders as the control group. In addition, Yi first measured the cross-sectional area and then multiply it with depth to calculate the subacromial volume. On the contrary to Yi, we have determined the bone margins of the subacromial region in the sections, and then the system automatically computes the volume. We also measured postoperative volume in our study and found that the volume increased (mean; 3.59 cm^3^, range; 2.12--4.84) significantly after treatment. However, no significant difference was found between the postoperative group and the control group.

Superior migration of the humeral head is commonly encountered in the retracted late-stage full-thickness RC tear. In the lack of the rotator cuff, the predominance of deltoid muscle pull is shown as the reason for the upward migration of the humeral head.[@bib12] Superior migration of the humeral head causes a decrease in the subacromial volume. In our study, we included small to medium full-thickness RC tears. The significant subacromial volume decrease in early-stage tears indicates that humeral head migration begins with the development of the RC tears. The significant volume increase after treatment indicates that the humeral head downward migration. The reason for this migration may be the normalization of the deltoid muscle pull dominance with the restoration of the rotator cuff function.

When we analyze the correlation between the clinical score and the subacromial volume, no significant difference was found. We attribute to reason that multiple factors play a role in the healing process as well as in the formation of RC tears.

There are some limitations of our study. The number of patients was limited. However, our sample size was overpowered. We tried to exclude traumatic tears by the anamnesis of the patients. Tears affected by extrinsic factors start on the bursal side of the RC. However, since we used full-thickness tears in our study, we did not have any information about whether the tear is beginning from the bursal or the articular side.

Conclusions {#sec5}
===========

Based on the results of our study, the first and second hypothesis can be accepted whereas third can be rejected. The subacromial space volume significantly decreases in full-thickness rotator cuff tears smaller than 3 cm and significantly increases after single-row repair technique. The repair of early-stage full thickness RC tears allows for subacromial volume reach to normal shoulder subacromial volume level.
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